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 ABSTRACT 
 The purpose of this study was to use meta-analytic 
methods to estimate the effect of a commercially avail-
able yeast culture product on milk production and 
other production measures in lactating dairy cows 
using a meta-analysis of randomized controlled trials. 
Sixty-one research publications (published journal ar-
ticles, published abstracts, and technical reports) were 
identified through a review of literature provided by the 
manufacturer and a search of published literature using 
6 search engines. Thirty-six separate studies with 69 
comparisons met the criteria for inclusion in the meta-
analysis. The fixed-effect meta-analysis showed sub-
stantial heterogeneity for milk yield, energy-corrected 
milk, 3.5% fat-corrected milk, milk fat yield, and milk 
protein yield. Sub-group analysis of the data showed 
much less heterogeneity in peer-reviewed studies versus 
non-peer-reviewed abstracts and technical reports, and 
tended to show higher, but not significantly different, 
treatment effects. A random-effects meta-analysis 
showed estimated raw mean differences between treated 
and untreated cattle reported in peer-reviewed publica-
tions of 1.18 kg/d [95% confidence interval (CI): 0.55 
to 1.81], 1.61 kg/d (95% CI: 0.92 to 2.29), and 1.65 
kg/d (95% CI: 0.97 to 2.34) for milk yield, 3.5% fat-
corrected milk, and energy-corrected milk, respectively. 
Milk fat yield and milk protein yield for peer-reviewed 
studies showed an increase in the raw mean difference 
of 0.06 kg/d (95% CI: 0.01 to 0.10) and 0.03 kg/d (95% 
CI: 0.00 to 0.05), respectively. Estimated raw mean dry 
matter intake of the peer-reviewed studies during early 
lactation (<70 d in milk) and not-early lactation were 
0.62 kg/d (95% CI: 0.21 to 1.02) and a decrease of 0.78 
kg/d (95% CI: −1.36 to −0.21), respectively. These 
findings provide strong evidence that this commercially 
available yeast culture product provides significant 
improvement in several important milk production 
outcomes as evaluated in production settings typical 
for commercial dairies in North America. Utilizing 
meta-analytic methods to study the complete breadth 
of information relating to a specific treatment by study-
ing multiple overcomes of all eligible studies can reduce 
the uncertainty often seen in small individual studies 
designed without sufficient power to detect differences 
in treatments. 
 Key words:  yeast culture , meta-analysis , lactating 
dairy cow 
 INTRODUCTION 
 Yeast products are commonly used around the 
world for inclusion in diets of production animals. It is 
thought that yeast products affect the rumen microbial 
population, causing changes in ruminal VFA produc-
tion that result in increased milk production as well as 
an increase in milk fat (FY) and milk protein (PY) 
yields from lactating dairy cows (Erasmus et al., 1992; 
Putnam et al., 1997). Increased DMI has been observed 
in some studies (Dann et al., 2000) and decreased DMI 
in other studies (Schingoethe et al., 2004). Despite nu-
merous peer-reviewed and non-peer-reviewed studies on 
the effects of feeding yeast products, the results of these 
studies in lactating dairy cows appear to be inconclusive. 
Some studies have identified significant effects on milk 
production (Harrison et al., 1988; Hippen et al., 2007; 
Lehloenya et al., 2008; Ramsing et al., 2009); others 
reported a trend in production (Williams et al., 1999; 
Dann et al., 2000; Wang et al., 2001) or no significant 
differences (Robinson, 1997; Schingoethe et al., 2004). 
Nutritionists, veterinarians, and dairy farmers need to 
know the efficacy of these yeast products on milk pro-
duction measures to make appropriate decisions about 
the use of these products in their management systems. 
 One possible source of variability is that many trials 
may have lacked sufficient sample size and consequently 
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statistical power to demonstrate differences in the pro-
duction measures. Lack of statistical power can result 
in an increased risk of missing a true treatment effect 
and produce a false-negative trial result—a type II sta-
tistical error (Freiman et al., 1978; Egger et al., 2001). 
Meta-analysis has been proposed as a method to obtain 
useful summary estimates of effect, especially when nu-
merous small studies have been conducted in different 
study locations by different researchers using different 
study designs that, when considered individually, may 
not provide conclusive evidence of effect (DerSimonian 
and Laird, 1986; Lean et al., 2009).
Another possible source of variation in response to 
supplementation of yeast product may be the type of 
yeast products that are used. Differences exist between 
active ingredients and putative modes of action of dif-
ferent products. Two main categories of yeast products 
are commercially available (AAFCO, 2011). Yeast 
cultures that are produced through yeast fermentation 
contain fermentation by-products and are not depen-
dent on live yeast for their physiological effects. Rather, 
the fermentation products contain compounds that af-
fect the growth of various types of rumen bacteria and 
protozoa (Wiedmeier et al., 1987; Harrison et al., 1988; 
Callaway and Martin, 1997). In contrast, active dry 
yeast products (AAFCO, 2011) are products that, by 
definition, must contain >15 billion live yeast cells/g. 
The effect is assumed dependent on the yeast cell being 
alive in the rumen to have a production effect (Dawson 
et al., 1990; Newbold et al., 1996). A recent meta-
analysis by Desnoyers et al. (2009) provides an example 
of how lack of differentiation among these products is 
common in the peer-reviewed literature. The aim of the 
Desnoyers et al. (2009) meta-analysis was to estimate 
the effects of live yeast supplementation on intake, ru-
men fermentation, and milk production; however, the 
study mistakenly included 13 studies of yeast culture 
mislabeled as live yeast. Differences in both the manu-
facturing process of specific yeast products and the 
response of yeast products within different production 
systems of herds may further contribute to the vari-
ability of production responses.
The purpose of this study was to review critically all 
relevant research specific to only a single manufactured 
yeast culture product and to estimate the effect of the 
yeast culture product on milk yield (MY), FY, PY, 
ECM, and DMI of dairy cattle using meta-analytic 
methods. A secondary objective was to examine the dif-
ferences in treatment effect and heterogeneity of vari-
ous study designs (i.e., blinding and randomization) or 
other factors such as peer review that commonly lead 
to publication bias or heterogeneity of effect in other 
meta-analytic studies.
MATERIALS AND METHODS
All published and unpublished papers and reports 
that studied the effect of commercially available yeast 
culture products manufactured by Diamond V (Cedar 
Rapids, IA) that were conducted in lactating dairy cat-
tle before 2011 were obtained from the manufacturer’s 
records. A comprehensive search of English-language 
published literature was also performed by utilizing 6 
search engines (PubMed, Google Scholar, Agricola, Sci-
enceDirect, Scirus, and CAB), with the words “yeast,” 
“cows,” and “lactation,” to identify other research pa-
pers and reports that may not have been provided by 
the manufacturer.
Inclusion Criteria
All published and unpublished studies in the Eng-
lish language were screened for inclusion in the meta-
analysis using standardized criteria. To be included in 
the meta-analysis, studies must have evaluated at least 
one of the 3 yeast culture products (YC, XP, or XPC) 
sold by a single company (Diamond V). The 3 products 
are equivalent products in manufacturing except for the 
concentration. The study must have included a concur-
rent negative control group and randomized treatment 
assignments (Lean and Rabiee, 2011); must have been 
conducted in lactating dairy cows (not dry cows or in 
vitro studies); and must have used a parallel group 
design (i.e., not crossover). Additionally, studies must 
have reported results of at least one of the production 
outcomes of interest: MY, ECM, % milk fat (F%), FY, 
% milk protein (P%), PY, 3.5% FCM, ECM, or DMI, 
along with a measure of variance (standard error or 
standard deviation) or a P-value for comparison of ef-
fects between treatment and control groups.
Data Extraction
Data were collated from the eligible studies reporting 
the effect of yeast culture on production outcomes. In 
addition to outcome measures regarding milk produc-
tion, the following data were extracted from the trials 
for sub-group analysis if the information was present: 
location of the study (state, country), source of the 
paper (peer-reviewed journal, conference abstract, or 
technical report), published in a peer-reviewed journal 
(yes or no), if an explicit statement about the random-
ization of treatments was included (yes or no), analyti-
cal control for confounders (yes or no), if the treatment 
application relative to calving date (yes, before calving 
vs. no), DIM at the start of the trial, stage of lactation 
for the study period (full lactation, <70 DIM, or ≥70 
Journal of Dairy Science Vol. 95 No. 10, 2012
META-ANALYSIS OF EFFECTS OF FEEDING YEAST CULTURE ON MILK PRODUCTION 6029
DIM), milking frequency (2×, 3×, or unknown), calv-
ing season for the dairy (seasonal or year-round), diet 
(pasture or TMR), dietary vitamin supplementation 
(yes or no), ionophore supplements (yes or no), parity 
(primiparous only or a mix of multi- and primiparous), 
breed (Holstein or other), bST administration (yes or 
no), type of yeast culture product (YC, XP, or XPC), 
dosage of yeast culture (in grams), yeast culture deliv-
ery method (mixed or top-dressed), and how the treat-
ment was delivered to the cow (individually or fed to a 
pen of cows).
Statistical Analysis
Meta-analysis was conducted using the methods de-
scribed by Higgins and Green (2008a). Statistical anal-
ysis was conducted on the extracted production data 
using Comprehensive Meta-Analysis version 2.2.050 
(Biostat, Englewood, NJ). Studies were weighted us-
ing the methods of inverse variance (DerSimonian and 
Laird, 1986). If the selected studies did not report mea-
sures of variance of the interested outcomes, estimates 
of variability were extracted from the papers using the 
methods described by Rabiee et al. (2010). If the trial 
only reported a Z-statistic or P-value, the estimates 
for standard error (SE) and standard deviation (SD) 
were calculated using the difference in the mean and 
the number of cows for each trial (Higgins and Green, 
2008b). For studies that only reported significance rela-
tive to a given α cutpoint (i.e., P ≤ 0.05), this value was 
used to make a conservative estimate of SE and SD. For 
studies that only reported a nonsignificant effect, P-
values of 0.15, 0.3, and 0.5 were assigned and compared 
numerically to each other. The P-value that produced 
the smallest (most conservative) estimate of the overall 
treatment effect was selected for the calculation of the 
SE (Sanchez et al., 2004). If F%, FY, P%, PY, 3.5% 
FCM (Dairy Records Management Systems, 2006), 
and ECM (Tyrrell and Reid, 1965) were not reported, 
estimates of these parameters were calculated. The 
variance used for the calculated missing value was the 
variance for the corresponding outcome statistic from 
the same trial (F% from FY, FY from F%, PY from 
P%, P% from PY, and 3.5% FCM and ECM from MY). 
Continuous data were analyzed both using the raw 
mean difference for both fixed-effect and random-effect 
models, as described by Borenstein et al. (2010), for 
each study outcome and as a standardized mean differ-
ence, as described by Lean et al. (2009). Differences in 
study designs or production system characteristics that 
were considered a priori to influence trial outcomes or 
where a high level of heterogeneity was observed were 
explored using stratification for comparison of these 
sub-groups. Sub-groups with fewer than 5 comparisons 
were not considered appropriate to report statistically 
because the number of comparisons was insufficient for 
evaluation.
Multiple Comparison Outcomes
In studies with complex data structures such as 
those with multiple comparisons (i.e., 1 control group 
compared with 2 different treatment groups or mul-
tiple outcomes compared between groups at different 
stages of lactation), a synthetic treatment effect was 
calculated along with an adjustment of the variance 
to compensate for the correlated outcomes (Table 1). 
This was accomplished by first performing a fixed-
effects meta-analysis of the correlated outcomes in the 
study to obtain a synthetic point effect. The variance 
for the synthetic point effect was calculated using the 
variance inflation factor as described. This fixed-effect 
point estimate was entered in the final meta-analysis as 
one study and the studies that were used to estimate 
the synthetic treatment effect were excluded. How we 
evaluated the Dann et al. (2000) study provides an ex-
ample of this. Dann et al. (2000) reported MY from d 
1 to 21, d 1 to 42, and d 1 to 140. A correlation factor 
of 0.33 was estimated for these MY outcomes, because 
the reported MY outcomes are not independent of each 
other and yet each has valuable information on how 
yeast culture affects MY. The outcomes for MY differ-
ence were 1.4, 1.6, and 0.6 kg/d, respectively, with SD 
of 4.79, 4.70, and 4.36 for each. The synthetic mean 
difference in MY was calculated by combining these 
3 outcomes by using a fixed meta-analysis technique, 
which were weighted using the inverse of their variance 
of the data, for a mean milk difference of 1.16 kg/d and 
a variance of 18.23, which was entered into the meta-
analysis as a single study (Borenstein et al., 2009a).
Assessment of Heterogeneity
Between-study variability compared with within-
study variability (called the heterogeneity of effect size) 
was evaluated using both the chi-squared (Q) test of 
heterogeneity and the I2 statistic (Higgins et al., 2003). 
Negative values of I2 were assigned a value of zero. An 
I2 value of >35% or a chi-squared (Q) test with P ≤ 0.1 
was considered indicative of substantial heterogeneity. 
The Q statistic is sensitive to the ratio of the observed 
variation to the within-study variation. Under the null 
hypothesis, where all studies share a common effect 
size, the Q statistic follows a central chi-squared dis-
tribution with degrees of freedom equal to k – 1, where 
k is the number of studies. A significant P-value would 
lead one to reject the null hypothesis and conclude that 
the studies do not share a common effect size. Two 
6030
P
O
P
P
Y E
T A
L.
Journal of D
airy S
cience Vol. 95 N
o. 10, 2012
Continued
Table 1. Studies on yeast culture meeting selection criteria1 and used in the meta-analysis 
Reference Source2 Location
Synthetic  
score3 Rand4
Control  
confounder5
Start of  
treatment6
Stage of  
lactation7
Milking  
frequency8 Delivery9 Feeding10 Comparisons11
Alshaikh et al., 
 2002
Journal Saudi 
Arabia
No Yes Yes After Not early 3× Mixed Group 1
Arambel and Kent, 
 1990
Journal Utah No Yes Yes After Not early 2× Top dressed Individual 1
Bennett, 2004 Report Australia No No Yes After Full 2× Top dressed Group 1
Bernard, 1992 Abstract Tennessee No Yes Yes After Early 2× Mixed Individual 1
Braun, 1993 Report Israel No Yes Yes After Not early Unknown Mixed Group 1
Cooke et al., 2007 Journal Georgia No Yes Yes After Not early 2× Mixed Individual 3
Dann et al., 2000 Journal Illinois Yes Yes Yes Before Early 2× Top dressed Individual 3
r = 0.33
Diamond V 
Mills, 1989
Report Midwest 
US
No No Yes After Not early Unknown Top dressed Individual 1
Diamond V 
Mills, 1993
Report Midwest 
US
No Yes Yes After Not early 2× Mixed Group 1
Diamond V 
Mills, 1997
Report North 
Carolina
Yes No No After Not early Unknown Unknown Group 3
r = 0.33
Diamond V 
Mills, 1994
Report England Yes No Yes After Early Unknown Mixed Individual 3
r = 0.33
Dobos et al., 1998 Report Australia No No Yes After Early 2× Mixed Group 2
Erasmus et al., 2005 Journal South 
Africa
No No Yes Before Early 2× Mixed Individual 2
Fazenda and Soares, 
 1998
Report Portugal No No Yes After Not early 3× Mixed Group 1
Harris et al., 1992 Journal Florida No Yes No After Not early 2× Mixed Individual 1
Harris and Lobo, 
 1988
Abstract Florida No No Yes After Both 3× Mixed Group 2
Harris and Webb, 
 1990
Abstract Florida No No Yes After Not early 3× Mixed Group 1
Kim et al., 1994 Abstract Utah No No No After Not early Unknown Top dressed Individual 1
Korniewicz et al., 
 2005
Journal Poland Yes Yes Yes Before Early Unknown Top dressed Group 2
r = 0.32
Lehloenya et al., 
 2008
Journal Oklahoma No Yes Yes Before Both 2× Mixed Group 6
Luhman et al., 1997 Abstract Iowa Yes No No Before Early Unknown Mixed Group 2
r = 0.21
Mangoni et al., 
 1998
Report Argentina No Yes Yes After Both 2× Top dressed Group 3
Nagy et al., 1996 Abstract South 
Carolina
No No No After Not early Unknown Mixed Group 2
Oraskovich and 
 Linn, 1989
Report Minnesota No No No After Not early Unknown Top dressed Group 4
Ramsing et al., 
 2009
Journal Oregon Yes Yes Yes Before Early 2× Top dressed Individual 2
r = 0.5
Robinson, 1997 Journal Canada No No Yes Before Early 2× Mixed Individual 1
Robinson and 
 Garrett, 1999
Journal Canada No No Yes Before Early 2× Mixed Group 2
Sanchez et al., 1997 Abstract Washington 
State
Yes Yes Yes Before Early 3× Mixed Group 2
r = 0.5
Schingoethe et al., 
 2004
Journal South 
Dakota
No Yes Yes After Not early 3× Mixed Individual 1
Vogel et al., 2005 Abstract Missouri Yes No Yes Before Early 2× Mixed Individual 2
r = 0.5
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Reference Source2 Location
Synthetic  
score3 Rand4
Control  
confounder5
Start of  
treatment6
Stage of  
lactation7
Milking  
frequency8 Delivery9 Feeding10 Comparisons11
Wang et al., 200112 Journal Ohio Yes No Yes Before Both 2× Mixed Individual 4
r = 0.27
Ward,, 2002 Abstract Louisiana No No No Before Early 2× Top dressed Individual 1
Williams et al., 
 1999
Report UK No No Yes After Not early 2× Top dressed Group 1
Zhou, 2002 Report China No No No After Early Unknown Top dressed Group 1
Zilin, 1996 Report China No No Yes After Not early 3× Mixed Group 1
Zom, 2000 Report Netherland No Yes Yes Before Early 2× Pellet Individual 3
1Inclusion criteria were as follows: the study must have evaluated at least one type (concentration) of a commercial product sold by a single company (Diamond V, Cedar Rapids, 
IA), included a concurrent negative control group, randomized treatment assignments, conducted in lactating dairy cows, and used a parallel group design (i.e., not crossover). 
Additionally, the studies must have reported data regarding at least one of the production outcomes of interest (milk yield, % milk fat, milk fat yield, % milk protein, milk protein 
yield, 3.5% FCM, ECM, or DMI), along with a measure of variance (SE or SD) or a P-value for comparison of effects between treatment and control groups.
2Journal = studies from peer-reviewed journal; abstract = non-peer-reviewed published article; and reports = company or industry reports.
3Studies for which the animals within the study were used in more than one comparison and were therefore not independent of each other. These comparisons were combined using 
a fixed effect meta-analysis. The combined variance was calculated using a variance inflation factor “r” (Borenstein et al., 2009a) to account for the correlation between the animals 
in the study. The synthetic point effect was then entered in the meta-analysis as a single study. Examples of complex data structures are 2 comparisons using the same control 
group, or a reported treatment effect reported on the same animals at different DIM.
4The study declared (yes) or did not declare (no) randomization of treatments in the study.
5The study declared (yes) or did not declare (no) some type of control for confounding in the study design.
6Timing of yeast culture treatment relative to calving.
7Early = studies that were primarily conducted in groups of cows <70 DIM; not early = cows ≥70 DIM; full = comparisons from calving to the dry-off period.
8Number of times the study cows were milked in 24 h.
9Mixed = treatment mixed in some portion of the feed such as a grain portion or TMR; top-dressed = fed on top of the feed; pellets = treatment included in a pellet fed in the ration.
10Individual indicates the cows were randomized and fed at the cow level and the appropriate n was used in the statistical analysis. Group indicates the study appeared to be ran-
domized, and fed at the group level, and used individual cows in the statistical analysis.
11Number of comparisons within the study for which a treatment effect was reported.
12Wang et al. (2001) had 2 separately correlated data sets on 17% NDF and 21% NDF within one paper; an r of 0.27 was used for both combinations.
Table 1 (Continued). Studies on yeast culture meeting selection criteria1 and used in the meta-analysis
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Table 2. Estimated effect of yeast culture on milk yield (kg/d) in lactating dairy cows from all studies (sub-group analysis 1)1 
Group/sub-group
Trial 
comparisons 
(no.)
RMD2 (95% CI) Heterogeneity SMD3 (95% CI)
Random 
effect P-value
Chi-squared 
(Q) df P-value
I 2 
(%)
Random 
effect P-value
All
 All trials 57 1.03 0.001 73.90 44 0.003 40.46 0.35 0.001
(0.73 to 1.34) (0.22 to 0.47)
Start treatment4
 After 35 1.12 0.001 51.80 26 0.002 49.81 0.36 0.001
(0.73 to 1.50) (0.18 to 0.55)
 Before 22 0.75 0.001 15.85 16 0.464 0.001 0.29 0.001
(0.36 to 1.14) (0.16 to 0.42)
Stage of lactation5
 Early 27 1.43 0.001 52.76 26 0.001 50.72 0.36 0.001
(0.89 to 1.96) (0.22 to 0.50)
 Not early 29 0.95 0.001 15.52 28 0.972 0.001 0.24 0.001
(0.67 to 1.23) (0.12 to 0.35)
Delivery method6
 Mixed 33 0.99 0.001 0.001 0 1.000 0.001 0.40 0.001
(0.69 to 1.30) (0.22 to 0.57)
 Top-dress 19 1.30 0.001 24.40 14 0.041 42.63 0.31 0.004
(0.54 to 2.07) (0.10 to 0.51)
Milking frequency7
 2X 29 1.16 0.001 33.66 22 0.053 34.63 0.33 0.001
(0.66 to 1.66) (0.21 to 0.46)
 3X 9 0.68 0.001 1.79 7 0.971 0.001 0.18 0.002
(0.29 to 1.07) (0.07 to 0.29)
 Unknown8 18 1.36 0.001 18.59 12 0.099 35.46 0.43 0.036
(0.78 to 1.94) (0.03 to 0.82)
1Studies were stratified by various factors controlled within the study design or reporting.
2RMD is the raw mean difference of the treatment effect and its associated 95% CI.
3SMD is the standardized mean difference of the treatment effect. This is estimated by dividing the mean difference for a study by the standard deviation for that study. A random 
effects model was then analyzed for the standardized mean difference. The SMD can be viewed as a measure of overlap between 2 separate distributions.
4Treatment effect from all studies containing milk yield data included in the meta-analysis stratified by the start of treatment, before or after parturition.
5Treatment effect from all studies containing milk yield data included in the meta-analysis stratified by stage of lactation. Studies that were primarily conducted in groups of cows 
less than 70 DIM (early) and all other studies (not early).
6Treatment effect from all studies with milk yield data stratification by how the treatment was fed either top-dressed (fed separately on top of the feed) on the TMR or mixed 
in the TMR before being fed to the cows.
7Treatment effect from all studies with milk yield data stratified by how often the study cows were milked in 24 h.
8Studies in which milking frequency for the study animals was not designated within the study.
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groups of studies can be evaluated by the same method. 
When 2 groups are being evaluated, we can calculate 
Q as the effect sizes of the groups of studies, instead 
of 2 studies, and test the dispersion of the sub-group 
about a summary effect with degrees of freedom = 1 
(Borenstein et al., 2009b).
The data were analyzed using both fixed-effect and 
random-effects models. The random-effects model was 
determined more appropriate to report the treatment 
effects, because it accounts for the effects of study de-
sign, management and cow variation, and other differ-
ences in study conduct on treatment effects (Borenstein 
et al., 2010).
Publication Bias
Publication bias was assessed using funnel plots 
(Light and Pillemer, 1984). Trim-and-fill methods were 
used to assess the best estimate of the unbiased effect 
size (Duval and Tweedie, 2000).
RESULTS AND DISCUSSION
Reports Meeting Inclusion Criteria
Sixty-one research papers (published journal articles, 
published abstracts, reports, and technical reports) 
were provided by the manufacturer. The literature 
search did not find any papers other than those provid-
ed by the manufacturer. Of the 61 studies, 36 separate 
studies (Table 1) met the criteria for inclusion into the 
meta-analysis. Papers were excluded if they included 
only positive treatment control groups (n = 17); used 
crossover, Latin square, or factorial designs (n = 6); or 
failed to report a relevant treatment effect (n = 2) (see 
Supplemental Table S1 online: http://www.journalof-
dairyscience.org/). The 36 separate studies reported 69 
separate comparisons. Correlations of studies (n = 9) 
with multiple outcomes and multiple time points were 
estimated to make synthetic point effects to adjust for 
the change in variance for each of the outcomes (Table 
1).
Heterogeneity Analysis
The analysis of milk yield showed a high level of het-
erogeneity (I2 = 40.46%) along with a highly significant 
chi-squared test of Q (P = 0.003; Table 2). Analysis for 
heterogeneity is important in meta-analysis, because 
it tests the amount of variance within the group of 
studies compared with the within-study variation. The 
chi-squared test of Q is a test of the null hypothesis 
that all the studies share a common effect size. The I2 
statistic is the ratio of the between study variation or 
true heterogeneity to the total variance across the ob-
served effect estimates. A high I2 suggests the difference 
between individual study outcomes is greater (or more 
variable) than expected. Excess variation may indicate 
that more than one outcome is being measured and 
thus it may not be appropriate to combine the stud-
ies for an average effect. The difference in treatment 
response may actually be caused by differences due to 
other factors, including breed responses such as Jersey 
versus Holstein, type of ration fed, delivery method 
of the ration, or stage of lactation. Alternatively but 
not exclusively, the heterogeneity could be due to dif-
ferences in study designs, such as difference in how 
studies were randomized, how blinding was performed 
(if at all), how confounding was controlled for in the 
study design, and what experimental unit did the study 
randomize the treatment to? Stratification and meta-
regression are 2 accepted methods used to evaluate the 
presence of heterogeneity and also to examine the effect 
of specific groups of studies on heterogeneity.
Milk fat yield had a high level of heterogeneity (I2 
= 36.69%, Q chi-squared P = 0.009) as did PY (I2 = 
35.12%, Q chi-squared P = 0.016). Dry matter intake 
studies had a moderate level of heterogeneity (I2 = 
18.33%, Q chi-squared P = 0.185).
Stratification was used to explore the potential 
sources of the high level of heterogeneity and deter-
mine whether a statistical difference existed between 
sub-groups. The following sub-groups were explored 
and tested: (1) whether the study was reported in peer-
reviewed journals or not; (2) studies that declared their 
randomization or not; (3) studies that stated whether 
confounders were controlled or not; (4) stage of lacta-
tion [<70 DIM (early) or later in lactation (insufficient 
full-lactation trials to analyze)]; (5) unit of feeding was 
at the individual cow level and the unit of allocation 
was at the cow level versus having allocated the treat-
ment at the group level but using the unit of measure 
at the cow level; (6) delivery method (top dressed ver-
sus mixed in the feed); and (7) milking frequency (2×, 
3×, or unknown). A univariate regression analysis was 
performed on all sub-group covariates to test if any of 
these were with P ≤ 0.2. No sub-group covariate met 
this criterion; therefore, no multiple regression model 
was fitted to examine these data. Sub-group analysis 
was used to test if the use of estimated P-values used to 
calculate SE had any significant effect on the outcomes. 
We found no statistical difference in MY for the calcu-
lated SE from estimated P-values versus all other MY 
studies (P = 0.854) or for MY peer-reviewed studies 
(P = 0.98). Additionally, no difference was observed in 
DMI (P = 0.511), FY (P = 0.210), or PY (P = 0.703).
The sub-group analysis of the studies showed no 
evidence of significant heterogeneity in published peer-
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Table 3. Estimated effect of yeast culture on milk yield (kg/d) in lactating dairy cows from all studies (sub-group analysis 2)1 
Group/sub-group
Trial 
comparisons 
(no.)
RMD2 (95% CI) Heterogeneity SMD3 (95% CI)
Random  
effect P-value
Chi-squared 
(Q) df P-value
I 2 
(%)
Random 
effect P-value
Peer reviewed4
 No 36 1.01 0.001 65.36 28 0.001 57.16 0.36 0.001
(0.64 to 1.37) (0.20 to 0.53)
 Yes 21 1.18 0.001 8.47 15 0.904 0.001 0.32 0.001
(0.55 to 1.81) (0.14 to 0.50)
Randomized5
 No 34 1.02 0.001 47.70 26 0.006 45.49 0.35 0.001
(0.61 to 1.43) (0.16 to 0.55)
 Yes 23 1.04 0.001 24.19 17 0.115 29.70 0.33 0.001
(0.57 to 1.50) (0.20 to 0.45)
Randomized and peer reviewed6
 Yes 12 1.34 0.002 4.62 8 0.797 0.001 0.32 0.004
(0.51 to 2.18) (0.10 to 0.55)
Control confounder7
 No 11 1.18 0.027 15.74 10 0.107 36.45 0.28 0.066
(0.14 to 2.23) (−0.02 to 0.57)
 Yes 45 0.98 0.001 57.27 33 0.005 42.38 0.37 0.001
(0.66 to 1.30) (0.22 to 0.51)
Feeding method group8
 Group 30 0.88 0.001 28.89 25 0.269 13.46 0.28 0.001
(0.59 to 1.17) (0.18 to 0.38)
 Individual 27 1.16 0.001 33.75 18 0.014 46.67 0.41 0.011
(0.57 to 1.74) (0.09 to 0.72)
Peer reviewed, stage of lactation9
 Early 14 1.37 0.001 6.61 13 0.921 0.001 0.36 0.001
(0.63 to 2.11) (0.17 to 0.56)
 Not early 9 0.98 0.049 4.24 8 0.835 0.001 0.21 0.075
(0.01 to 1.95) (−0.02 to 0.45)
1Studies are stratified by various factors controlled within the study design or reporting.
2RMD is the raw mean difference of the treatment effect and its associated 95% CI.
3SMD is the standardized mean difference of the treatment effect. This is estimated by dividing the mean difference for a study by the standard deviation for that study. A random 
effects model was then analyzed for the standardized mean difference. The SMD can be viewed as a measure of overlap between 2 separate distributions.
4Treatment effect from studies with milk yield data that were published in peer-reviewed journals (“yes”), and a strata of trials from only abstracts and reports (“no”).
5Treatment effect from studies that declared some form of randomization of treatments.
6Treatment effect from studies that were both from peer-reviewed journals and declared some form of randomization of treatments.
7Treatment effect from studies that declared some form of control within the study for confounding.
8Treatment effect from trials with milk yield data stratified by how the cows were fed. The “group fed” appeared to have treatments fed to pens of cows but individual cow numbers 
were used in the calculation of n. The individual fed studies appeared to randomized treatments at the cow level and used an appropriate n in the statistical calculation.
9Treatment effect of comparisons with milk yield data from studies that were published in peer-reviewed journals stratified by stage of lactation. Studies that were primarily con-
ducted in groups of cows less than 70 DIM (early) and all other studies (not early).
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reviewed journals (I2 = 0.001%, Q chi-squared P = 
0.904; Tables 2 and 3) compared with the data set that 
contained all studies. We found no evidence of signifi-
cant heterogeneity in all the other sub-groups used with 
peer-reviewed studies (peer-reviewed and randomized, 
peer-reviewed by stage of lactation, peer-reviewed 3.5% 
FCM, peer-reviewed ECM, peer-reviewed FY, peer-
reviewed PY, and peer-reviewed DMI by stage of lacta-
tion). In contrast, all other sub-group analyses retained 
a high level of heterogeneity in at least one stratum. 
One possible explanation for the lack of evidence of 
significant heterogeneity when only peer-reviewed stud-
ies are analyzed is that increased rigor and control may 
be exercised in a randomized controlled trial targeted 
for publication compared with one conducted primarily 
to demonstrate an effect for informational purposes. 
Peer review should have the effect of requiring better 
control of experimental units, methods of randomiza-
tion, errors in the data, and general oversight by the 
investigator. Some researchers have advocated report-
ing only studies that are peer reviewed, relying on 
the peer-review process as a proxy for paper quality 
(Weisz et al., 1995). Other researchers disagree with 
this approach because non-peer-reviewed papers (such 
as those from government agencies, think tanks, con-
sulting firms, or graduate theses) may not be published 
but could report studies of high quality (Borenstein et 
al., 2009c). A further contrasting view is that studies 
published in peer-reviewed journals represent a bias of 
publishing papers with a greater treatment effect. In 
this meta-analysis, we found no statistical difference 
in treatment outcome between studies that were peer-
reviewed versus non-peer-reviewed studies (P > 0.20). 
However, we did detect a substantial difference in the 
level of heterogeneity (as can be seen in Supplemental 
Figure S1; http://www.journalofdairyscience.org/). A 
high level of heterogeneity suggests that combining 
the results of the data set may not be appropriate; 
therefore, only the treatment effects from the studies 
published in peer-reviewed journals were reported.
Production Outcomes
Adjustments were made in the estimates to account 
for multiple treatment comparisons to a single control 
group in a trial, according to methods described by 
Borenstein et al. (2009a). We note that limitations to 
this method exist because the estimates of correlations 
between groups and among groups can be flawed by 
the lack of essential data to calculate a correlation. 
However, we considered that the method should be 
explored and used rather than ignoring the clustering 
effects within study, which would give a less accurate 
estimate of variance.
Studies published in peer-reviewed journals reported 
that treatment with yeast culture increased MY 1.18 
Figure 1. Forest plot of random effects standardized mean difference (SMD) for milk yield. Only studies published in peer-reviewed journals 
are represented. The black squares in the forest plot represent the weighting (by inverse variance) for the represented study, and the horizontal 
bars represent the 95% CI for the study. The diamond figure center represents the standardized mean and the width of the diamond represents 
the 95% CI of the overall treatment effect. The outcome to the right of an imaginary vertical line through zero represents an increase in milk fat 
yield. Std diff = standard difference. Syn refers to a study that was include as a synthetic outcome, containing 2 or more trials within a single 
outcome with correlated measures. Primi refers to a study that only included primiparous cows, and multi is a study with only multiparous cows.
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Table 4. Estimated effect of the yeast culture on 3.5% FCM, ECM, and milk components from peer-reviewed studies 
Item
Trial 
comparisons  
(no.)
RMD1 (95% CI) Heterogeneity SMD2 (95% CI)
Random effect P-value Chi-squared (Q) df P-value I 2 (%) Random effect P-value
3.5% FCM3 (kg/d) 18 1.61 0.001 7.66 14 0.906 0.001 0.37 0.001
(0.92 to 2.29) (0.19 to 0.56)
ECM4 (kg/d) 18 1.65 0.001 9.53 14 0.795 0.001 0.38 0.001
(0.97 to 2.34) (0.20 to 0.57)
Milk fat5 (%) 19 0.04 0.49 25.59 15 0.043 41.38 0.12 0.297
(−0.07 to 0.14) (−0.10 to 0.33)
Milk fat yield6 (kg/d) 17 0.06 0.009 9.44 44 0.802 0.001 0.24 0.010
(0.01 to 0.10) (0.06 to 0.43)
Milk protein7 (%) 18 −0.03 0.216 16.96 14 0.258 17.44 −0.05 0.672
(−0.07 to 0.02) (−0.27 to 0.17)
Milk protein yield8 (kg/d) 16 0.03 0.026 8.40 13 0.817 0.001 0.24 0.014
(0.00 to 0.05) (0.05 to 0.43)
1RMD is the raw mean difference of the treatment effect and its associated 95% CI.
2SMD is the standardized mean difference of the treatment effect. This is estimated by dividing the mean difference for a study by the standard deviation for that study. A random 
effects model was then analyzed for the standardized mean difference. The SMD can be viewed as a measure of overlap between 2 separate distributions.
3Peer-reviewed studies with FCM data or sufficient data to calculate FCM are included in this data set; 3.5% FCM = (milk kg × 0.432) + (fat kg × 16.216) (Dairy Records 
Management Systems, 2006).
4Peer-reviewed studies with ECM data or sufficient data to calculate ECM are included in this data set; ECM = 0.327 × milk kg + 12.97 × fat kg + 7.21 × protein kg (Tyrrell 
and Reid, 1965).
5Only trials with milk fat % data or sufficient data to calculate milk fat % from studies published in peer-reviewed journals are included in this data set.
6Only trials with milk fat yield data or sufficient data to calculate milk fat yield from studies published in peer-reviewed journals are included in this data set.
7Only trials with milk protein % data or sufficient data to calculate milk protein % from studies published in peer-reviewed journals are included in this data set.
8Only trials with milk protein yield data or sufficient data to calculate milk protein yield from studies published in peer-reviewed journals are included in this data set.
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kg/d (95% CI: 0.55 to 1.81), whereas studies that were 
both peer-reviewed and stated their randomization had 
a yeast culture treatment effect of 1.34 kg/d (95% CI: 
0.51 to 2.18; Table 3, Figure 1).
Yeast culture supplementation increased 3.5% FCM 
by 1.61 kg/d (95% CI: 0.92 to 2.29) and ECM by 
1.65 kg/d (95% CI: 0.97 to 2.34; Table 4). Milk fat 
yield and PY results showed significant treatment ef-
fects with 0.06 kg/d (P = 0.009) and 0.03 kg/d (P = 
0.026; Table 4), respectively. Although individual stud-
ies showed nonsignificant results, as demonstrated by 
the horizontal lines that represent the 95% CI within 
forest plots (Supplemental Figures S2 and S3: http://
www.journalofdairyscience.org/), the consistency of a 
positive treatment effect was evident for both summary 
statistics.
Dry matter intake was considered, a priori, to be 
heterogeneous between studies conducted in early lac-
tation versus late lactation. Sub-group analysis of DMI 
for studies in peer-reviewed journals (Table 5) showed 
significant treatment effects when stratified by the 
stage of lactation. During early lactation (<70 DIM), 
DMI increased by 0.62 kg/d (95% CI: 0.21 to 1.02, P 
= 0.003) and during the late lactation studies, average 
DMI declined significantly (0.78 kg/d; 95% CI: −1.36 
to −0.21; P = 0.001). The forest plot of DMI results 
(Figure 2) shows evidence of heterogeneity, which could 
be due to stage of lactation. The change in DMI in 
early lactation may be an opportunity for nutritionists 
and farm consultants to modify DMI of cows during 
the critical period of transition to increase intakes and 
possibly aid in transition health (Huzzey et al., 2007). 
Decreased DMI in later lactation, along with increasing 
milk production, will increase efficiency of milk produc-
tion.
One important bias in meta-analysis studies is publi-
cation bias. Although a meta-analysis will yield a math-
ematically accurate synthesis of the studies included in 
the analysis, if these studies are a biased sample of 
all relevant studies, the mean effect computed by the 
meta-analysis will reflect this bias (Borenstein et al., 
2009b). One reason for not having all relevant studies 
in the meta-analysis could be the tendency for nega-
tive trials or small trials to not be published, either 
because of editorial bias or from authors tending not 
be interested in publishing papers with negative results 
(Hopewell et al., 2009). Another reason for publication 
bias could be the tendency for reports produced for or 
by “industry” to be only favorable, thereby increasing 
the magnitude of publication bias toward the treat-
ment effect of papers in the public domain (Rothstein 
et al., 2005; Wellman and O’Connor, 2007). In this 
study, treatment effects were studied with and without 
industry reports and abstracts. Although the industry Ta
b
le
 5
. 
E
st
im
at
ed
 e
ff
ec
t 
of
 y
ea
st
 c
ul
tu
re
 o
n 
D
M
I 
(k
g/
d)
 f
or
 p
ee
r-
re
vi
ew
ed
 s
tu
di
es
 
G
ro
up
T
ri
al
s 
(n
o.
)
R
M
D
1  
(9
5%
 C
I)
H
et
er
og
en
ei
ty
SM
D
2  
(9
5%
 C
I)
R
an
do
m
 e
ff
ec
t
P
-v
al
ue
C
hi
-s
qu
ar
ed
 (
Q
)
df
P
-v
al
ue
I 2
 (
%
)
R
an
do
m
 e
ff
ec
t
P
-v
al
ue
St
ag
e 
of
 l
ac
ta
ti
on
3
 E
ar
ly
12
0.
62
0.
00
3
7.
39
11
0.
76
6
0.
00
1
0.
35
0.
00
1
(0
.2
1 
to
 1
.0
2)
(0
.1
5 
to
 0
.5
5)
 N
ot
 e
ar
ly
7
−
0.
78
0.
00
8
5.
11
6
0.
53
0
0.
00
1
−
0.
33
0.
00
9
(−
1.
36
 t
o 
−
0.
21
)
(−
0.
57
 t
o 
−
0.
08
)
1 R
M
D
 i
s 
th
e 
ra
w
 m
ea
n 
di
ff
er
en
ce
 o
f 
th
e 
tr
ea
tm
en
t 
ef
fe
ct
 a
nd
 i
ts
 a
ss
oc
ia
te
d 
95
%
 C
I.
2 S
M
D
 is
 t
he
 s
ta
nd
ar
di
ze
d 
m
ea
n 
di
ff
er
en
ce
 o
f 
th
e 
tr
ea
tm
en
t 
ef
fe
ct
. T
hi
s 
is
 e
st
im
at
ed
 b
y 
di
vi
di
ng
 t
he
 m
ea
n 
di
ff
er
en
ce
 f
or
 a
 s
tu
dy
 b
y 
th
e 
st
an
da
rd
 d
ev
ia
ti
on
 f
or
 t
ha
t 
st
ud
y.
 A
 r
an
do
m
 
ef
fe
ct
s 
m
od
el
 w
as
 t
he
n 
an
al
yz
ed
 f
or
 t
he
 s
ta
nd
ar
di
ze
d 
m
ea
n 
di
ff
er
en
ce
. 
T
he
 S
M
D
 c
an
 b
e 
vi
ew
ed
 a
s 
a 
m
ea
su
re
 o
f 
ov
er
la
p 
be
tw
ee
n 
2 
se
pa
ra
te
 d
is
tr
ib
ut
io
ns
.
3 A
ll 
tr
ia
ls
 t
ha
t 
ar
e 
fr
om
 s
tu
di
es
 p
ub
lis
he
d 
in
 p
ee
r-
re
vi
ew
ed
 j
ou
rn
al
s 
co
nt
ai
ni
ng
 D
M
I 
da
ta
 i
nc
lu
de
d 
in
 t
he
 m
et
a-
an
al
ys
is
 s
tr
at
ifi
ed
 b
y 
st
ag
e 
of
 l
ac
ta
ti
on
. 
St
ud
ie
s 
w
er
e 
co
nd
uc
te
d 
in
 
gr
ou
ps
 o
f 
co
w
s 
<
70
 D
IM
 (
ea
rl
y)
 a
nd
 a
ll 
ot
he
r 
st
ud
ie
s 
(n
ot
 e
ar
ly
).
6038 POPPY ET AL.
Journal of Dairy Science Vol. 95 No. 10, 2012
Figure 2. Forest plot of random effects standardized mean difference (SMD) for DMI. Only studies published in peer-reviewed journals are 
represented. The studies are further stratified by studies that were conducted in early lactation (<70 DIM) versus not early lactation (all oth-
ers). The black squares in the forest plot represent the weighting (by inverse variance) for the represented study. The horizontal bars represent 
the 95% CI for the study. The diamond represents the standardized mean and the width of the diamond represents the 95% CI of the overall 
treatment effect. The outcome to the right of an imaginary vertical line through zero represents an increase in DMI and to the left of zero is a 
decrease in DMI. Std diff = standard mean difference.
Figure 3. Funnel plot of the standardized mean difference (Std. 
diff in means) of studies (empty circles) from all studies with milk 
yield data, meeting the criteria to be included in the meta-analysis 
of the treatment effect of yeast culture on milk yield. The solid dots 
are the potentially missing studies imputed from the trim and fill 
method (Duval and Tweedie, 2000). The open diamond represents the 
mean and confidence interval of the existing studies and the solid dia-
mond represents the mean and confidence interval if the theoretically 
imputed studies were included in the meta-analysis. The funnel plot 
represents potentially a bias toward publishing favorable studies. The 
black diamond shows with missing studies added; the treatment effect 
is still within the 95% confidence interval of the current data set. The 
unbalanced funnel plot may also be indicative of heterogeneity of the 
treatment effects in the data set.
Figure 4. Funnel plot of the standardized mean difference (Std. 
diff in means) of treatment comparisons (empty circles) from studies 
published in journals only, representing the treatment effect of yeast 
culture on milk yield. There are no potentially missing studies (which 
would be represented by black dots using the trim and fill method of 
analysis; Duval and Tweedie, 2000). The open diamond represents 
the mean and confidence interval of the existing studies and the solid 
diamond represents the mean and confidence interval if the imputed 
studies were included. This funnel plot shows no evidence of bias from 
potentially missing studies.
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reports added much more heterogeneity to the analysis, 
they did not increase the reported treatment effects. 
The small, nonsignificant increase in treatment effect 
observed in the published studies could represent edi-
torial bias for publishing positive studies. The funnel 
plot is an accepted method used to investigate visually 
whether a relationship exists between study size and 
effect size. This method plots treatment effect against 
standard error, and a normal distribution should be 
apparent around the true effect size that is funnel 
shaped as smaller studies are added to the graph. In 
addition, combining the funnel plot with the nonpara-
metric trim-and-fill procedure allows an estimation of 
the effect that theoretically missing studies could have 
on the mean difference (Duval and Tweedie, 2000) by 
removing studies that are not “balanced” on the op-
posite side of the funnel plot. A new treatment effect 
is calculated, and then added back, along with the 
hypothetical studies that would balance out the funnel 
to form a new estimate. Figure 3 shows a funnel plot 
of all MY outcomes with trim and fill. The funnel plot 
appears to be unbalanced, with perhaps several smaller 
studies missing, suggesting possible publication bias. 
The trim-and-fill method helps visualize these missing 
studies (represented by the solid black dots). Another 
explanation for asymmetry in the funnel plots could 
be the heterogeneity in the studies included in the 
analysis (Rothstein et al., 2005). If the treatment ef-
fect for the studies represented a distribution of studies 
instead of one true point effect, it could be represented 
as a distinct grouping of studies on the funnel plot, 
which may indicate the presence of publication bias. 
The funnel plots of peer-reviewed milk results (Figure 
4) show a more symmetrical outcome with no imputed 
studies (black solid dots), indicating a lack of evidence 
for publication bias.
CONCLUSIONS
This meta-analysis over a wide range of studies, 
designs, and sub-group analyses demonstrated that 
feeding this commercially available yeast culture to 
lactating dairy cows, as evaluated in production set-
tings typical for commercial dairies, will increase the 
production performance of lactating cows. The results 
indicate that MY is increased, as well as FY and PY, 
resulting in higher ECM. With the increase in the sale 
of milk based on component pricing, this will provide 
additional options to nutritionists and dairy farmers in 
the development of feeding programs. Increased DMI 
(0.62 kg/d) during early lactation in lactating dairy 
cows supplemented with yeast culture will assist dairy 
consultants and farm staff concerned with early lac-
tation health and provide them with a tool to help 
support intakes.. The decrease in DMI in late lactation 
represents an opportunity to gain efficiency in ration 
formulation in a high-feed-cost environment. Further-
more, utilizing meta-analytic methodology specifically 
on one product provides animal scientists with an effec-
tive tool to better understand treatment effects of in-
terventions. This outcome may not have been achieved 
using smaller single studies or studies that combine 
dissimilar products into a single review that does not 
examine the heterogeneity attributable to differences 
in treatments. The assessment of heterogeneity is an 
important process in meta-analysis and allows us to 
better understand the effects of different study designs 
and management factors that may alter the inferences 
derived from the study.
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